This study was performed to examine the effect of rutin in buckwheat noodle on lipid metabolism in rats fed a high-fat, high-sucrose diet. Buckwheat noodles were prepared by traditional Japanese methods, and the experimental diets contained 40% dried buckwheat noodle powder. In experiment 1, rats from CLEA were fed Control (0), Low-rutin (182), Medium-rutin (385), High-rutin (980 mg rutin/100 g) or Catechin (352 mg catechin/100 g) diet for 3 weeks, and in experiment 2, rats from Charles River Laboratories were fed Control or High-rutin diets for 4 weeks. Results indicated that serum total cholesterol level in Medium-and High-rutin groups and the level of free fatty acids in the High-rutin group were significantly lower than that in the Control group (experiment 1). The former result was shown to be reproducible in experiment 2. These results suggested that the rutin in buckwheat noodle has beneficial effects on lipid metabolism.
Introduction
Rutin and its aglycone quercetin are flavonoids that are ubiquitously found in plant-derived sources of food. Buckwheat, which is a traditional Japanese common foodstuff, is known to contain high levels of rutin as compared with other common plantfoods. In particular, a high rutin content is found in tartary buckwheat (Fagopyrum tataricum) seeds, about 100-fold greater than that in common buckwheat (Fagopyrum esculentum) seeds (Yasuda et al., 1992) . Flavonoids are reported to have beneficial biological activities, such as the prevention of atherosclerosis and obesity, through their antioxidative or anti-inflammatory effects (Grassi et al., 2010; Choi et al., 2006; Rivera et al., 2008) . Wieslander et al. (2011) demonstrated that the intake of common (16.5) or tartary (359.7 mg rutin-equivalent/day) buckwheat cookies resulted in a reduction of subjects' serum total cholesterol level. Moreover, He et al. (1995) indicated that buckwheat intake was associated with lower serum total and LDL cholesterol levels in their epidemiologic study. Although the above mentioned reports about the biological activity of buckwheat did not clarify the role of rutin or quercetin in these effects, some investigators suggested that dietary rutin or quercetin affected lipid metabolism in animal experiments (Panchal et al., 2011; Hsu et al., 2009; Choi et al., 2006; Kanashiro et al., 2009 ). However, it remains to be clarified whether dietary rutin or quercetin in buckwheat ameliorates lipid metabolism, since starch and protein in buckwheat flour were also suggested to have beneficial effects on lipid metabolism (Skrabanja et al., 2001; Kayashita et al., 1997) . The purpose of the present study was to examine the effect of rutin in traditionally prepared Japanese buckwheat noodle on lipid metabolism in rats. Furthermore, as the intake of epigallocatechin gallate, a major component of tea catechins, was reported to reduce plasma cholesterol levels in mice (Chen et al., 2011) , the effect of a catechin-diet was examined in comparison with the rutin-diet in the present study.
Materials and Methods
Materials Common buckwheat (Fagopyrum esculentum Moench) flour was obtained from Shinyo Foods Co., Ltd. (Nagano, Japan). Wheat flour was obtained from Nitto Fuji Flour Milling Co., Ltd. (Tokyo, Japan). Rutin was purchased from Aizen-Hodogaya Co., Ltd. (Yokohama, Japan). Catechin (Sunphenon) was obtained from Taiyo Kagaku Co., Ltd. (Yokkaichi, Japan).
Preparation of common buckwheat noodles for experimental diets Wheat flour (2.8 kg), 1.2 kg of common buckwheat flour and 1.4 kg of water, to which 120 g of common salt and 6 g of ascorbic acid were added and stirred, were on lipid metabolism in the rats obtained from CLEA Japan Inc. Six groups of 8 rats each were fed the Control, Lowrutin, Medium-rutin, High-rutin, Catechin or Normal diet in Table 1 , respectively for 3 weeks. The body weight and food intake of each rat was recorded at intervals of around 2 days. After 21 days, the diets were removed at 9:00 and the animals were anesthetized with intra peritoneal administration of pentobarbital sodium solution (50 mg/mL) at a dose of 0.13 mL/100 g body weight at 15:00. After blood samples were drawn by cardiac puncture, the liver and visceral adipose tissues (epididymal, perirenal and retroperitoneal fat pads) were removed. Blood samples were centrifuged at 1,200 × g for 20 min to collect serum, which was stored at −20℃ until analysis for total cholesterol, triglyceride and free fatty acids levels in serum.
b)Experiment 2: Effect of high rutin concentration in buckwheat noodle on lipid metabolism in rats (Charles River, Japan) fed a high-fat, high-sucrose diet In Experiment 2, charged to a mixer and kneaded for 15 min so as to obtain noodle dough. To a portion of this raw dough material, rutin was added at a final concentration of 0.65, 1.3 or 2.6%. Additionally, catechin was added to the other dough portion at a final concentration of 1.0%.
The noodle dough was stretched using rollers by the standard method so as to obtain a dough sheet having a thickness of 1.35 mm. The dough sheet was then cut by a square cutting roll so as to obtain strands of noodles with a width of 1.5 mm. These noodles were dried to a final water content of 23% (semi-dry noodles) by the standard method at 30℃. Then, the noodles were boiled in boiling water for 3 min, and placed in a freezer at −40℃ for 30 min. The frozen noodles were freeze-dried by a vacuum freeze dryer (EYELA FREEZE DRYER [FD-5N], Tokyo Rikakikai Co., Ltd. ,Tokyo). The obtained dried noodles were powdered using a high-speed grinder ([RT-02A], RONG TSUNG IRON WORKS, Taichung, R.O.C.), and the resultant powder was used in the preparation of the experimental diets.
Animals and diets Male Sprague Dawley rats (4 weeks of age) were obtained from CLEA Japan, Inc., (Tokyo, Japan) for experiment 1, and from Charles River Laboratories Japan, Inc., (Yokohama, Japan) for experiment 2. The bioavailability of rutin has been suggested to be affected by the intestinal bacteria (Monach et al., 1997) ; thus, these two groups of rats, kept under different bacterial management, were used. Although the rats obtained from both companies were specific pathogen free, the animals from Charles River Laboratories Japan and CLEA Japan were colonized with CRASF (Charles River Altered Schaedler Flora) (Dewhirst et al., 1999) and the flora [CHF-1 + L strains + B strains] developed by Itoh (1990) , respectively. The rats were maintained in an air-conditioned room at 22 ± 1℃, with 12 h of light (7:00 − 19:00) and dark cycles. The animals were housed individually in stainless steel cages and fed a standard AIN-93G diet (Reeves et al., 1993) for 7 days in experiment 1 or 5 days in experiment 2, and were subsequently randomly assigned to the various experimental groups, ensuring that the average body weight was approximately equal among groups in each experiment. The groups were fed one of the experimental diets indicated in Table 1 for 3 weeks in experiment 1 or 4 weeks in experiment 2 as described below. Animals had free access to diet and water during all experimental periods.
The treatment of animals was carried out according to the guidelines prescribed by the Faculty of Horticulture, Chiba University. a)Experiment 1: Effect of rutin concentration in buckwheat noodle on lipid metabolism in rats (CLEA, Japan) fed a high-fat, high-sucrose diet Experiment 1 was performed to examine the effect of various dietary rutin concentrations (Folch et al., 1957) after the samples were freeze-dried, and the amount of lipid was weighed after drying at 90 − 95℃. Liver cholesterol was determined as follows: a portion of lipid (equivalent to 30 mg of freeze-dried liver), which was extracted as described above, was dissolved in 2 mL of solvent (10% Triton-100 solution in isopropanol) and the cholesterol concentration was determined using Cholesterol E-Test Wako. Statistical analysis The data from Experiment 1 were evaluated by Dunnett's test after one-way ANOVA. Welch's t-test was used to perform statistical analysis in Experiment 2. The analysis was conducted using Excel Toukei 2012 for Windows (Social Survey Research Information Co., Ltd., Tokyo Japan).
Results
Preparation of buckwheat noodle powder containing rutin or catechin Concentrations of rutin, quercetin and catechin in prepared buckwheat noodle powder were as follows (mg/100 g noodle powder): control noodle powder [rutin 0, quercetin 0, catechin 0], low rutin noodle powder [rutin 456, quercetin 23, catechin 0], medium rutin noodle powder [rutin 963, quercetin 18, catechin 0], high rutin noodle powder [rutin 2451, quercetin 38, catechin 0], and catechin noodle powder [rutin 0, quercetin 0, catechin 881], where the amount of catechin was expressed as the amount of epigallocatechin gallate equivalent. The concentrations of these materials in the experimental diets are shown in Table 1B .
Effect of rutin concentration in buckwheat noodle on lipid metabolism in rats (CLEA, Japan) fed a high-fat, high-sucrose diet (Experiment 1) The effects of rutin level in buckwheat noodle powder on body weight, food intake, and liver and visceral adipose tissue weights of Sprague Dawley rats (CLEA, Japan) fed a high-fat, high-sucrose diet are shown in Table 2 . Food intake in the Normal diet group was significantly higher than that in the Control group. However, no the reproducibility of the results in Experiment 1 was examined using the rats from Charles River Laboratories Japan, Inc. The rats were divided into two groups of 20 rats each, and fed the Control or High-rutin diet in Table 1 for 4 weeks, respectively. Body weight and food intake were recorded as described in experiment 1. Feces were collected for the last 2 days (26 − 28 d) to determine the lipid contents. After 28 d of feeding, the diets were removed at 9:00 and blood, liver and adipose tissues were collected under anesthesia in the same manner as in experiment 1. The serum obtained from the blood was stored and treated as described in Experiment 1. The liver was also stored at −20℃ until analysis for total lipid and total cholesterol.
Analyses Rutin and quercetin in buckwheat noodle powder was determined by HPLC methods (Yasuda et al., 1992) . In brief, rutin and quercetin in 0.5 g of sample powder were extracted with 20 mL of 100% methanol using a reflux condenser. The volume of the extract was adjusted to 25 mL after its filtration, and the concentration of rutin or quercetin was determined using HPLC. Catechin in the noodle powder was determined by the Official Methods of Analysis of Tea (Ministry of Agriculture and Forestry, 1970). Briefly, 1 g of sample powder was homogenized with 80% ethanol solution and the homogenate was incubated for more than one hour at room temperature. Next, the total volume was adjusted to 50 mL and filtered. The filtrate was reacted with ferrous tartrate solution and the absorbance at 540 nm of the reaction mixture was measured. One milligram of ethyl gallate, which was used as a standard substance, was estimated to be equal to 1.5 mg of tea catechins.
The concentrations of serum total cholesterol, HDL cholesterol, triglyceride and non-esterified fatty acids were determined using Cholesterol E-Test Wako, HDL E-Test Wako, Triglyceride E-Test Wako and NEFA C-Test Wako (Wako Pure Chemical Industries, Ltd., Osaka Japan). Lipids in liver and feces were extracted by the methods of Folch significant difference was observed in body weight gain between these groups. Visceral adipose tissue and liver weights did not significantly differ between the control and any of the other groups. The serum concentrations of total cholesterol, triglyceride and free fatty acids in the rats fed rutin containing diets are shown in Fig. 1 . All of these concentrations in the Control diet group were significantly higher than those in the Normal diet group. In the Medium-and High-rutin groups, serum total cholesterol level was significantly lower than that in the Control group. The concentration of serum triglyceride in the High-rutin group tended to be lower (p < 0.1) than that in the Control group. The level of free fatty acids was significantly lower in the High-rutin group than that in the Control group. In the Catechin group, only the level of serum free fatty acids was significantly lower than in the Control group. Effect of high rutin concentration in buckwheat noodle on lipid metabolism in rats (Charles River, Japan) fed a highfat, high-sucrose diet (Experiment 2) The effects of a high rutin diet, the same composition as that used in Experiment 1, on body weight, feed efficiency, and liver and visceral adipose tissue weights of Sprague Dawley rats (Charles River, Japan) are shown in Table 3 . No differences were observed in these parameters between the High-rutin and Control groups. The concentration of serum total cholesterol in the High-rutin group was significantly lower than that in the Control group (Fig. 2) . The level of serum HDL cholesterol in the High-rutin group tended to be lower than that in the Control group. Triglyceride and free fatty acid levels did not significantly differ between these groups, although these levels in the High-rutin group were slightly lower than those in the Control group (Fig. 2) . The concentration of liver lipid in the High-rutin group was slightly but significantly higher than that in the Control group (Table 4) . Liver cholesterol concentration, however, did not significantly differ between these groups. Fecal lipid concentration and fecal weight during the final 2 days of the experiment did not significantly differ between the High-rutin and Control groups (Table 4) . 
Discussion
The preparation of buckwheat noodle was performed according to traditional Japanese methods, and the results demonstrated that the initial concentrations of rutin added to the raw materials were reduced during the preparation of noodle powder to 70, 74 and 94% in low-, medium-and high-rutin noodle powders, respectively. Moreover, catechin concentration in the catechin-noodle powder was reduced to 88%. These reductions were considered to be caused mainly by the elution of rutin or catechin into the boiling water. Furthermore, a small amount of rutin was probably converted to quercetin by rutin degrading enzymes in buckwheat flour (Yasuda et al., 1992) . The concentrations of rutin, quercetin and catechin in the experimental diets are shown in Table 1 . Unexpectedly, the quercetin concentration in the Mediumrutin diet was slightly lower than that in the Low-rutin diet. This controversial observation might be caused by small differences in rutinase activation in the dough during its drying treatment, as a result of changes in environmental conditions. The rutin concentration in the High-rutin diet was comparable to that of tartary buckwheat (F. tataricum) noodle powder; the rutin concentration in tartary buckwheat flour was approximately 500 − 1400 mg/100 g (Guo et al., 2011) , about 100-fold greater than that in common buckwheat flour. On the other hand, the concentration of catechin in the Catechin diet was comparable to the concentration of epigallocatechin-gallate (3.2 g/kg diet) in an experimental diet used for the study of metabolic syndrome in mice fed a high-fat diet (Chen et al., 2011) . In Chen's report, epigallocatechingallate was found to suppress the increase in body weight by a high-fat diet, and to reduce blood total cholesterol level. In another report, dietary epigallocatechin-gallate was reported to decrease cholesterol level in plasma and liver in ethinylestradiol-treated rats (Hirsova et al., 2012) , and green tea catechins were observed to reduce serum total and LDL cholesterol levels but not serum HDL and triglyceride levels in humans (Kim et al., 2011) . In the present study, the catechin group was included in experiment 1 for comparison to the effect of rutin. However, catechin was observed to have a significant effect on the serum free fatty acid level, but not been reported, as described below. When rutin was added to a high-carbohydrate, high-fat diet, the increase of body weight and the amount of abdominal fat pads in rats were observed to be suppressed by rutin, and plasma levels of total cholesterol, triglycerides and free fatty acids were reduced in comparison to those of control (Panchal et al., 2011) . Hsu et al. (2009) also demonstrated that dietary rutin suppressed the increase of body-, liver-and adipose tissue-weights in rats fed a high-fat diet, and liver triglyceride and cholesterol levels were less than those in control rats. In a mouse experiment, the increase of body weight or plasma total cholesterol level by high-fat diet was reported to be suppressed by dietary rutin (Choi et al., 2006) . This report also demonstrated that rutin inhibited the development of 3T3-L1 cells to adipocytes. The result of the present study, demonstrating the cholesterol-lowering effect of rutin, coincided with the results of Hsu and Choi. However, the suppression of body and adipose tissue weight gain by dietary rutin described in these reports was not observed in the present investigation. Rutin was also reported to suppress plasma triglyceride level but not total and HDL cholesterol levels in Golden Syrian hamsters fed a high-cholesterol diet (Kanashiro et al., 2009) . Odbayar et al. (2006) reported that dietary quercetin but not rutin reduced serum cholesterol and phospholipid levels in ICR mice, and that quercetin inhibited the expression of various kinds of mRNA related to fatty acid synthesis. On the other hand, Enkhmaa et al. (2005) reported that dietary quercetin (50 mg/100 g) had no significant beneficial effects on plasma total cholesterol, LDL cholesterol and triglyceride levels of LDL receptor-deficient mice fed an atherogenic-diet containing cholesterol. In addition, it was shown that plasma cholesterol levels were not reduced by dietary quercetin (1% in diet) in mice fed a high-cholesterol diet or in Watanabe heritable hyperlipidemic rabbits (Lauridsen and Mortensen, 1999) . Although a high-fat, high-sucrose diet was used in the present experiments, our preliminary examination using a high-cholesterol diet also indicated that rutin in buckwheat noodle had no beneficial effects on lipid metabolism in rats. The variations in the effects of rutin and quercetin on lipid metabolism were considered to be caused by differences in the experimental animals and diets used.
As described below, a number of reports have suggested the mechanism by which dietary rutin affects lipid metabolism in animals. Glässer et al. (2002) demonstrated that quercetin inhibits cholesterol biosynthesis in hepatocytes. Pincemail et al. (1988) reported that quercetin inhibited myeloperoxidase, and this enzyme was shown to oxidize lipoproteins, such as HDL and LDL, causing their functional deterioration (Nicholls and Hazen, 2009 ). In addition, flavonoids including rutin and quercetin are generally thought on serum total cholesterol, LDL cholesterol, and triglyceride levels.
In the present study, the results of Experiment 1, in which Sprague Dawley rats obtained from CLEA Japan were used, demonstrated that a high rutin concentration in buckwheat noodle reduced serum total cholesterol and free fatty acid levels as compared to control, and tended to reduce the serum triglyceride level, though not significantly, in rats fed a comparatively high-fat, high-sucrose diet. However, the results of Experiment 2, in which an identical strain of rats obtained from Charles River Laboratories were used, indicated that a high rutin concentration significantly reduced only the serum total cholesterol level. The bioavailability of rutin has been shown to depend on its degradation to quercetin by intestinal bacteria (Monach et al., 1997) . Additionally, the possibility of entero-hepatic cycling of quercetin has been suggested, in that quercetin is conjugated by detoxicating enzymes in vivo and the metabolites are degraded to quercetin by bacterial enzymes after its excretion into the gut (Crespy et al., 1999) . Therefore, it is plausible that differences in the management of intestinal bacteria between CLEA Japan and Charles River Laboratories affected the experimental results, even though the metabolic character of each intestinal flora related to rutin bioavailability remains unclear, as the bacterial composition of each flora is extremely complex. In addition, in-depth investigation of rutin degrading enzymes in each bacterial species is required. On the other hand, the possibility that differences in the experimental results of Experiments 1 and 2 were caused by unequal experimental periods (3 and 4 weeks for Experiments 1 and 2, respectively) or by any small genetic changes in lipid metabolism within the Sprague Dawley rat colony could not be ruled out.
A number of reports have indicated that the consumption of buckwheat influences lipid metabolism in humans or animals, as described below. Serum total cholesterol levels in day-care staff were found to be reduced by eating cookies prepared with common or tartary buckwheat; however, no differences were observed between the two buckwheat groups (Wieslander et al., 2011) . Buckwheat is rich in rutin, and its content in tartary buckwheat is estimated to be approximately 100 times that in common buckwheat (Yasuda et al., 1992) . As the present experiments indicated that dietary rutin reduces serum total cholesterol levels in rats, it might be deduced that the effects of components other than rutin in the buckwheat, such as starch and protein, could mask the effect of rutin in Wieslander's investigation. In an epidemiologic investigation in China, increased buckwheat consumption was observed to cause a decrease in serum total and LDL cholesterol levels (He et al., 1995) . On the other hand, the effects of rutin or quercetin on lipid metabolism have to have some beneficial effects on atherogenesis via these antioxidative properties (Grassi et al., 2010) . The reduction of serum cholesterol by dietary buckwheat protein in rats fed a high-cholesterol diet was proposed to be caused by the inhibition of sterol-absorption (Tomotake et al., 2007) . In the present experiment, however, rutin in buckwheat noodle was not shown to inhibit lipid absorption in the gut of experimental animals. Further investigation is necessary to clarify the mechanism of the effects of rutin on lipid metabolism.
Conclusion
Rutin in traditionally-prepared Japanese buckwheat noodle is suggested to have some beneficial effects on lipid metabolism in rats a fed high-fat, high-sucrose diet.
